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© An apparatus and method for providing optical 
switching or color selection capability uses 
cholesteric liquid crystals which reflect and transmit 
circularly polarized light and a variable wave retarder 
element together with phase reversing mirrors which 
recapture and recombine the reflected circularly po- 
larized light. With the retarder element in a first 
state, first orientation circularly polarized light is 
completely transmitted and second orientation cir- 
cularly polarized light is redirected. Alternatively, a 
color selection assembly is provided through the use 
of a combination of cholesteric light crystals in which 
light of a first color is given a first polarization 
orientation and light of a second color is given a 
second polarization orientation. Depending upon the 
state of the retarder either the first or second color is 
transmitted to a desired target 
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OPTICAL SWITCH AND COLOR SECTION ASSEMBLY 



BACKGROUND OF INVENTION 



The present invention relates to a method and 
apparatus for providing optical switching and, more 5 
particularly to a liquid crystal assembly for selec- 
tively transmitting colored illumination. 

Current optical switching devices typically em- 
ploy materials which absorb a significant amount of 
light, resulting in high transmission losses. Im- io 
provements in transmissivity have been accom- 
plished by using chiral or cholesteric liquid crystals 
which have relatively minimal absorptive character- 
istics. Cholesteric liquid crystals exhibit circular 
dichroism and can be used to polarize light from a is 
received source, selectively transmitting and re- 
flecting the light, thereby minimizing its attentua- 
tion. However, even cholesteric liquid crystals, as 
conventionally utilized, can involve a transmission 
loss of at least 50% due to the reflection effects. 20 

The use of phase mirrors and waveplates, in- 
terposed between the crystals and the observer to 
recapture reflected light and to regulate the po- 
larization sense, provides for a zero loss, 100% 
transmission optical switch. This combination can 25 
also be used to provide for a full color selection 
assembly, which also has the potential for virtually 
100% light transmission. Furthermore, since the 
crystals are optically clear for wavelengths outside 
of a selected range, 100% of the incident light 30 
outside of the narrow spectral range is transmitted. 
Thus, the transmitted image can be superimposed 
on an image created by incident light from other 
sources, having wavelengths outside of the narrow 
spectral band of a particular crystal. 35 



PRIOR ART 



40 



The use of chiral liquid crystals to minimize the 
attenuation of light in a switchable color filter was 
described in the patent to Buzak, U.S. Pat. No. 
4,726,663, which issued November 14, 1986. That 
patent described the configuration of an active 45 
nematic liquid crystal cell to provide a two-color or 
three-color switch using cholesteric liquid crystal 
elements instead of conventional, absorptive po- 
larizers. Although the use of cholesteric liquid cry- 
stals was an improvement over conventional ab- 50 
sorptive materials, the cholesteric liquid crystal as- 
sembly of the Buzak patent still entails a 50% 
insertion loss. A more detailed discussion of a color 
selection filter composed of cholesteric liquid cry- 
stals is discussed below. 



An optical switch using polarizing beam split- 
ters and prisms with a twisted-nematic cell as the 
active element was described in the patent to 
Soref, U.S. Pat. No. 4,478,494, which issued No- 
vember 19, 1981. That patent described an optical 
switching assembly which divided an incident 
beam into counter- rotating orthogonally polarized 
beams and which thereafter recombined the 
beams. However, the optical switching assembly of 
Soref, which requires a fiber optic interface, did not 
provide color selection capability. 



SUMMARY OF THE INVENTION 



It has been deemed desirable to provide an 
optical switching assembly featuring high optical 
transmission and wide dynamic range. Conven- 
tional optical switching assemblies typically utilize 
absorptive color polarizers. Improvements in trans- 
missivity have been accomplished by using 
cholesteric liquid crystal ("CLC") materials. 

CLC materials are known to exhibit "circular 
dichroism". They are able to discriminate between 
left hand circularly polarized ("LHCP") light and 
right hand circularly polarized ("RHCP") light. If 
unpolarized light is incident upon a CLC element, 
one sense of circular polarization will be transmit- 
ted and the other sense will be reflected. The 
material is optically clear for wavelengths outside 
of a selected range, thereby transmitting 100% of 
incident light outside that range. 

A single CLC can then be utilized as a spectral 
"notch", filter. The CLC will transmit 100% of the 
light whose wavelength is displaced from a nominal 
wavelength. Unpolarized light which is close to the 
nominal wavelength will be "circularly polarized". 
The CLC, which is characterized by a polarization 
sense, reflects light of the same polarization. Thus, 
a right handed CLC ("RHCLC") will reflect RHCPL, 
and a left handed CLC ("LHCLC") will reflect 
LHCPL. For a single element then, the CLC will 
transmit appproximately 50% and will reflect ap- 
proximately 50% of the impinging light at the nomi- 
nal wavelength and the light whose wavelength is 
within the narrow band around the nominal 
wavelength. There are two types of cholesteric 
liquid crystals known to exhibit circular dichroism. 
Monomer cholesteric liquid crystals are convention- 
ally used. Polymer cholesteric liquid crystals are in 
the experimental stages but have exhibited a 
broader temperature range than the monomers. 

Complementary pairs of CLC's (one RHCLC 
plus one LHCLC), or two like CLC's in combination 
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with a half-wave plate, provide improved notch fil- 
ters with near-zero transmission in the notch. 
These can be combined with variable waveplates 
to create an optical switch or color selection switch 
as in the Buzak patent, however, the maxims tran- 
sAssivity is still only 50%. The current invention 
eliminates this shortcoming by using phase mirrors 
which capture the reflected light and reorient its 
polarization sense. The light is then reflected by 
the mirrors and transmitted through a variable wave 
plate where it is selectively reoriented and recom- 
bined, thus Providing a zero loss, 100% transmis- 
sion optical switch or color selection element. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Further advantages and features of the present 
invention will be more fully apparent to those 
skilled in the art to which the invention pertains 
from the ensuing detailed description thereof, re- 
garded in conjunction with the accompanying draw- 
ings wherein like reference numerals refer to like 
parts throughout and in which: 

FIG. 1 is a cross-sectional view of a prior art 
single cholesteric light crystal element function- 
ing as a spectral notch filter; 
FIG. 2 is a graph showing the approximate tran- 
smissivity characteristic of the eiement of FIG. 1 
relative to a given nominal wavelength; 
FIG. 3 is a cross-sectional view of a prior art 
spectral notch filter using liquid crystal ele- 
ments; 

FIG. 4 is a cross-sectional view of a prior art 
spectral notch filter using a pair of same handed 
cholesteric liquid crystal elements, with a hale 
wave plate between them; 

Fig. 5 is a graph showing the approximate trans- 
missivity characteristic of an ideal spectral notch 
filter; 

FIG. 6 is a cross-sectional view of a prior art 
color selection filter using two pair of cholesteric 
liquid crystal elements and an active variable 
retarder element; 

FIG. 7 is a cross-sectional view of a monoch- 
romatic optical switch according to the present 
invention; 

FIG. 8 is a table displaying the orientation of the 
monochromatic light beams of FIG. 7, as a func- 
tion of the state of the variable wave plate; 
FIG. 9 is a cross-sectional view of a dichromatic 
selection assembly according to the present in- 
vention; 

FIG. 10 is a table displaying the orientation of 
the dichromatic light beams of FIG. 9, as a 
function of the state of the variable wave plate; 
FIG. 11 is a cross-sectional view of a trichro- 



matic selection assembly according to the 
present invention, in a first state; 
FIG. 12 is a table displaying the orientation of 
the dichromatic light beams of FIG. 11, as a 
5 function of the state of the first and second 
variable wave plates; 

FIG. 13 is a cross-sectional view of the trichro- 
matic selection assembly of FIG. 11, in a sec- 
ond state; 

70 FIG. 14 is a table displaying the orientation of 
the dichromatic light beams of FIG. 13, as a 
function of the state of the first and second 
variable wave plates; 

FIG. 15 is a cross-sectional view of the trichro- 
75 matic selection assembly of FIG. 11. in a third 
state; and 

FIG 16 is a table displaying the orientation of 
the dichromatic light beams of FIG. 15, as a 
function of the state of the first and second 
20 variable wave plates. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

25 

Cholesteric Light Crystals exhibit circular dich- 
roism. They are able to discriminate between Left 
Handed Circularly Polarized Light ("LHCPL") and 

30 Right Handed Circularly Polarized Light 
( M RHCPL rt ). If unpolarized light is incident upon a 
Cholesteric Liquid Crystal element, one sense of 
circular polarization will be transmitted and the 
other will be totally reflected. 

35 FIG. 1 shows a prior art spectral notch filter 10 

composed of a Right Handed Cholesteric Liquid 
Crystal ("RHCLC w ) 12. The nominal notch center 
wavelength ("WL") is a function of the index of 
refraction of the RHCLC 12 and the period or pitch 

ao of the chiral structure. The RHCLC 12 is optically 
clear to a first beam of incident light 14, whose 
wavelength is outside the center band of the fitter 
10. 

Accordingly, the first light beam 14 is com- 
4$ pletely transmitted through RHCLC 12. A second 
beam of incident light 16, which is at or around 
wavelength WL and within the center band, is cir- 
cularly polarized into its component first and sec- 
ond beams 18, 20. First polarized beam 18, which 
50 is Right Handed Circularly Polarized Light 
("RHCPL"), is almost totally reflected from RHCLC 
12. The second polarized beam 20, which is Left 
Handed Circularly Polarized Light ("LHCPL"), is 
almost totally transmitted through RHCLC 12. Thus 
55 the single RHCLC 12 provides a spectral notch 
filter 10 which reflects approximately 50% of the 
incident light at or around wavelength WL, and 
transmits the remainder of the incident light. 
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FIG. 2 is a graph showing the relationship 
between the wavelength of the incident beam and 
the transmissivity of the light incident on the spec- 
tral notch filter 10 of FIG. 1. As shown, the "notch" 
around the center of the wavelength is distinctive. 

An improved prior art spectral notch filter 22 is 
illustrated in FIG. 3. The improved filter 22 is 
composed of a Left Handed Cholesteric Liquid 
Crystal ("LHCLC") 24 and a RHCLC 26, similar to 
RHCLC 12. The LHCLC 24 transmits incident beam 
14a, whose wavelength is outside of the center 
band and polarizes incident beam 16a, whose 
wavelength is within the center band or notch, into 
LHCPL beam 18a and RHCPL beam 20a. LHCPL 
beam 18a is reflected from LHCLC 24 and RHCPL 
20a is transmitted through LHCLC 24. The RHCPL 
beam 20a then impinges upon RHCLC 26 from 
which it is fully reflected and is transmitted through 
LHCLC 24. 

As an improvement over the spectral notch 
filter 10 of FIG. 1. the spectral notch filter 22 of 
FIG. 3 provides for near 100% reflectivity of the 
incident light which is at or near the wavelength 
WL, the spectral "notch" of the filter. Ail light 
outside the notch is transmitted without change. 

A variation of the spectral notch filter 22 of FIG. 
3 is illustrated in FIG. 4. The alternative prior art 
spectral notch filter 30 is composed of two identical 
CLC's, in this case a pair of LHCLC's, 24a and 24b. 
A half wave plate 32 is interposed between the 
LHCLC's 24a and 24b. 

Incident light 16b is polarized by the first 
LHCLC 24a into a primary RHCPL beam 20b and 
1HCPL beam 18b. The LHCPL beam 18b is re- 
flected by the first LHCLC 24a. The primary 
RHCPL beam 20b is transmitted by the first 
LHCLC 24a, converted to a secondary LHCPL 
beam 34 by the half wave plate 32 which is re- 
flected by the second LHCLC 24b. The secondary 
LHCPL beam 34 then traverses the half wave plate 
32 and is converted to the RHCPL beam 36 which 
is transmitted by the first LHCLC 24a. 

The spectral notch filter 30 of FIG. 4 therefore 
reflects virtually 100% of the incident light which is 
within the "notch", at or near the wavelength WL. 
As before, all illumination outside the center band 
is transmitted without modification. 

FIG. 5 is a graph showing the performance of 
an ideal prior art spectral notch CLC filter. Nearly 
all of the light whose wavelength is outside the 
band whose center is the wavelength wL will be 
transmitted. As the wavelength of the incident light 
approaches the band whose center is WL, trans- 
missivity approaches zero. As shown, the transition 
between transmission and exclusion can be quite 
abrupt. 

In an alternative embodiment, the wave plate 
32 of FIG. 4 can be replaced by an active variable 
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retarder element (not shown), such as is taught, for 
example in the U.S. Patent No. 4,770,500 to Kal- 
manash et al and assigned to the assignee of the 
present invention. As the retardation is varied from 

5 zero to half-wave, the notch transmission can be 
dynamically varied from 50% to near zero, creating 
an optical "switch". 

As illustrated in FIG. 6., CLC's in combinations 
with a such variable retarder can be used to make 

70 a color selection filter 38, without using absorptive 
color polarizers. A similar device was shown in 
Buzak, U.S. Pat. No. 4,726,663. 

At the bottom of FIG. 6 is a table of the various 
polarization orientations of the spectral beams at 

75 various transmission points within the device. 

As shown, the color selection filter 38 is com- 
posed of a cathode ray tube ("CRT") 40 as a light 
source, a series of CLC's, 42, 44, 46 and 48, and a 
variable retarder, 50. The CRT 40 provides an 

20 unpolarized light beam 52 which combines narrow 
wavelength bands of red light 52r and green light 
52g. The unpolarized light beam 52, emitted from 
the CRT 40 is first incident upon a first RHCLC 42 
which is tuned to the red wavelength band of the 

25 CRT 40. The red portion of the unpolarized light 
beam 52r is polarized by the RHCLC 42, transmit- 
ting a LHCP red light beam 54r and reflecting a 
RHCP red light beam 56r. The green portion of the 
unpolarized light beam 52g is unaffected by the 

30 RHCLC 42 and is tranmitted therethrough. 

The RHCLC 44 which is tuned to green 
wavelength band of the CRT 40, polarizes the 
green portion of the unpolarized light beam 52g, 
transmitting a LHCP green light beam 58g and 

35 reflecting RHCP green light 60g. The LHCP red 
light beam 54r which is incident on the RHCLC 40 
is unaffected by it and is transmitted therethrough. 
The transmitted beams of LHCP red 54r and LHCP 
green 58g are acted on by the variable retarder 50. 

40 when the variable retarder 50 is in the "ON" state, 
it functions as a zero-wave retarder and transmits 
circularly polarized light without change. In the 
"OFF" state, however, the variable retarder 50 
functions as a half-wave retarder and inverts the 

45 sense of polarization of the light beams. In this 
"OFF" configuration, then both the LHCP red light 
beam 54r and the LHCP green light beam 58g are 
converted to RHCP light beams. 

When the variable retarder 50 is in the "ON" 

so state, the red and green LHCP light beams 54 r 
and 58g are transmitted through a third RHCLC 46, 
which is tuned to the green wavelength of the CRT, 
and a first PLC 48, which is tuned to the red 
wavelength of the CRT. The green light beam 58g 

55 is transmitted to the observer by the RHCLC 46 
and the red light beam 54r is totally reflected by 
the LHCLC 48, thereby resulting in a green image. 
Thus, the overall transmission of green light is 50% 

4 
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and the overall transmission of red light is zero. 

Conversely, when the variable retarder 50 is in 
the "OFF" state, RHCP red and green beams, 
which are depicted as dashed lines 54r and 5Bg 
respectively, impinge on the RHCLC 46. The 
RHCP green beam is reflected but the RHCP red 
beam is transmitted through the LHCLC 48, result- 
ing in a red image at the observer. In this configu- 
ration the overall transmission of red light is 50% 
and the overall transmission of green light is zero. 

The prior art assembliesof FIGS. 1, 3, 4, 5, and 
6, discussed above as color switches, permit a 
higher transmission rate than is presently attainable 
through the utilization of absorptive elements. Nev- 
ertheless, these CLC based assemblies still carry a 
50% insertion loss due to the initial reflection from 
the first active CLC surface. The preferred embodi- 
ment of the present invention eliminates this shor- 
tcoming by capturing the circularly polarized light 
which is reflected from the first, active CLC ele- 
ment, thus enabling a zero-loss, virtually 100% 
transmission optical switch or color selection ele- 
ment. 

FIG. 7 illustrates the preferred embodiment of 
the invention as a monochrome optical switch 60. 
Unpolarized light 62 from source 64, with spectral 
content concentrated in a defined region around 
wavelength WL, is transmitted along path A and is 
incident on a first RHCLC 66. Light beam 62 is 
polarized into a RHCP light beam 68, which is 
transmitted along path B, and a LHCP beam 70, 
which is transmitted along path E. The LHCP light 
beam 70 is transmitted through a variable wave 
plate 72. When the variable wave plate 72 is in the 
"ON" state, there is zero retardation and the LHCP 
light beam 70 is transmitted unchanged, following 
path F. LHCP light beam 70 is next incident on a 
first phase mirror 74, where it undergoes a phase 
reversal to RHCP light beam 76 and is reflected 
along path G. 

The RHCP light beam 68, along path B, is 
incident on a second phase mirror 78, where it 
undergoes a phase reversal and is reflected along 
path C as a LHCP light beam 80. The LHCP light 
beam 80 is tranmitted through variable wave plate 
72, which is in the "ON" state, where it is transmit- 
ted unchanged as a LHCP light beam 80 along 
path D. The RHCP light beam 76, along path G, 
and the LHCP light beam 80, along path D, are 
both incident upon a second RHCLC 82. The 
RHCP light beam 76 is reflected by the second 
RHCLC 82 and the LHCP light beam 80 is trans- 
mitted through the second RHCLC 82. Both the 
RHCP light beam 76 and the RHCP light beam 80 
are recombined as light beam 84 in the second 
RHCLC 82 and transmitted to observer 86. 

Thus, with the variable wave plate 72 in the 
"ON" state, the net transmission of light to the 



observer 86 is 100%. A second observer 86' posi- 
tioned along the extension of path G would see no 
light. 

When the variable wave plate 72 is set to the 

5 "OFF" state there is half-wave retardation. The 
LHCP light beam 70 passes through the variable 
wave plate 72 and undergoes a phase reversal and 
becomes a RHCP light beam 88, denoted by a 
dashed line. It is then incident upon the first phase 

70 mirror 74 where it again undergoes a phase rever- 
sal to a LHCP light beam 90 and is reflected along 
path G to the second RHCLC 84. 

The LHCP light beam 80 also undergoes phase 
reversal through variable wave piate 72, to become 

75 a RHCP light beam 92, also denoted by a dashed 
line, and is transmitted along path D to the second 
RHCLC 74 where it is reflected. The RHCP light 
beam 92, which has been reflected by the second 
RHCLC 82, is recombined with the LHCP light 

20 beam 90, which has been transmitted through the 
second RHCLC 82. Both beams 92 and 90 are 
transmitted away from the observer 86, resulting in 
a net zero transmission of light. 

In both the "ON" of "OFF" state, the net result 

25 is the 100% transmission of light of a particular 
wavelength and the 100% reflection of light of 
other wavelengths. Since there is virtually no ab- 
sorption of light, the optical switch functions as a 
"light steering device". Thus, with the second ob- 

30 server 86', light of the desired wavelength could 
alternatively be "steered" between observer 86 and 
observer 86'. 

FIG. 8 is a table illustrating the various po- 
larization orientations of the light beams, depending 

35 on the state of the variable wave plate 72, and the 
resultant transmission percentage at the observer 
86. 

In an alternative version of the preferred em- 
bodiment, the invention can be used to create a 

40 color selection device with the same enhancements 
in transmissivity. FIG. 9-ON illustrates just such a 
color selection assembly 94. In this particular em- 
bodiment, the light source 96 is a CRT which 
transmits a light beam 98 along path A, which is 

45 composed of both red and green light Light beam 
98 is incident upon a first CLC combination 100, 
which is composed of a green RHCLC and a red 
RHCLC. 

The first CLC combination 100 reflects a red 
so and green RHCP light beam 102 along path B. The 
RHCP light beam 102 is incident upon a first phase 
mirror 104 where it undergoes a phase reversal to 
a LHCP light beam 1 06 and is reflected along path 
C. The LHCP light beam 106 passes through a 
55 variable wave plate 108. which in this configuration 
is in the "ON" or zero-wave state. The LHCP light 
beam 106 beam is transmitted unchanged along 
path D. 



5 
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The LHCP light beam 106 is incident upon a 
second CLC combination 110, which is composed 
of a green RHCLC and a red LHCLC. The green 
portion 112g of the LHCP light beam 106 is there- 
by transmitted to the observer 114 and the red 
portion 116r of the LHCP light beam 106 is re- 
flected away from the observer 114 toward an 
alternate observer 114. 

The initial incidence of red and green light 98 
upon the first CLC combination 100 also results in 
the transmission of a red and green LHCP light 
beam 118, along path E, through the variable wave 
plate 108, where it is transmitted, unchanged along 
path F. The LHCP light beam 118 is incident upon 
a second phase mirror 120 where it undergoes a 
phase reversal to a RHCP light beam 122 and is 
reflected along path G. The RHCP light beam 122 
is then incident upon second CLC combination 
1 1 0, where the red portion 1 24r of the RHCP light 
beam 122 is recombined with the red portion 116r 
of the LHCP light beam 106 to form red light beam 
126r and transmitted away from the observer 114, 
along path I, to alternate observer 114'. 

The green portion 128g of the RHCP light 
beam 122 is reflected by the second combined 
CLC 110, where it is recombined with the green 
portion 112g of the LHCP light beam 106 to form 
green light beam I30g along path H and transmit- 
ted to the observer 114. Thus the net transmission 
of green light to observer 114 is 100% and the net 
transmission of red light is zero. However, the 
alternate observer 114' "sees" 100% of the red 
light and no green light. 

If the half-wave plate 108 is set to the "OFF" 
or half-wave state (see FIG. 9-OFF), then the LHCP 
light beam 106 and the LHCP light beam 118 
undergo phase changes and become RHCP light 
beams. In this configuracion, the LHCP light beam 
106 undergoes phase reversal and becomes RHCP 
light beam 131, which is composed of red light 
beam 132r and green light beam 134g, and is 
transmitted along path D. The RHCP light beam 
131 is then incident upon the second combined 
CLC 110, where the red portion 132r of the RHCP 
light beam 131 is reflected away from the observer 
114 and the green portion 134g of the RHCP light 
beam 131 is transmitted to the observer 114. 

The LHCP light beam 118 also undergoes 
phase reversal to become RHCP light beam 136 
and is transmitted along path F. The RHCP light 
beam 136 is incident upon second phase mirror 
120, where it undergoes another phase reversal to 
become LHCP light beam 138 and is reflected 
along path G. 

LHCP light beam 138 is incident upon the 
second combined CLC 110, where the red portion 
140r of the LHCP light beam 138 is reflected and 
recombined with red light beam 132r to form red 



light beam 142r, along path H, and transmitted to 
the observer 114. The green portion 144g of the 
LHCP light beam 138 is transmitted through the 
second combined CLC 110, where it is recombined 

5 with green light beam 134g to form green light 
beam 146g and is transmitted away from the ob- 
server 114, along path I, to the alternate observer 
114'. Thus, to the observer 114, the net transmis- 
sion of red light is 100% and the net transmission 

10 of green light is zero, while the alternate observer 
114' "sees" 100% of the green light and none of 
the red light. 

FIG. 10 is a table illustrating the various po- 
larization orientations of the light beams, depending 

75 on the state of the variable wave plate 108, and the 
resultant transmission percentage at the observer 
114. As is evident, either color can be selected for 
a zero-loss, net transmission of 100% of the initial 
incident beam. 

20 Again, since there is virtually no absorption of 

light, the color selection switch functions as a 
"color steering device". Since there is 100% trans- 
mission of light of a particular wavelength and 
100% reflection of light of a second wavelength, 

25 light of the first wavelength could alternatively be 
"steered" between observer 114 and observer 
114. Conversely, light of the second wavelength 
would be "steered" between observer 114' and 
114, respectively. 

30 Furthermore, the near clarity of the CLC's pro- 

vides for near 100% transmission of light having 
wavelengths other than the first or second 
wavelength, which in the above example would be 
colors other than red or green. Thus, an image 

35 composed of these alternative wavelengths, and 
arriving from another source, could be transmitted 
through the last CLC combination 110 and be 
superimposed upon the transmitted image 130g or 
142r. Even if the image from another source had 

40 components within the first and second 
wavelengths, the combined CLC 110 would still 
transmit 50% of the light composed of the first and 
second wavelengths. 

The use of the foregoing assembly is readily 

45 extendible to a three color selection switch, as 
illustrated in FIGS. 11, 12, and 13. In FIG. 11, a 
three color selection assembly is illustrated wherein 
a light source 96' is a CRT which transmits a light 
beam 98 which is composed of red, green and 

so blue light. Light beam 98' is incident upon a first 
CLC combination 148 which is composed of a red 
RHCLC, a green RHCLC and a blue RHCLC. 

The first CLC combination 148 reflects a red, 
green and blue right handed light beam 150 along 

55 path B. The RHCP light beam 150 is incident upon 
a first phase mirror 152 where it undergoes a 
phase reversal to LHCP light beam 154 and is 
reflected along path C. LHCP light beam 154 is 
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incident upon a first variable wave plate 156, which 
is in the ON state, where it is transmitted un- 
changed along path c'. LHCP light beam 154 is 
then incident upon a second CLC combination 158, 
which is composed of a blue LHCLC and a green 
RHCLC. The red and green portions of the LHCP 
light beam 154 are transmitted through the second 
CLC combination 156 along path c" as light beam 
160. 

The blue portion of the LHCP light beam 154 is 
reflected by the blue LHCLC of the second CLC 
combination 158 as light beam 162b. Note that the 
angle of reflection of light beam 162b is acutely 
drawn for ease of reference only. In fact, light 
beam 162b would be reflected back from the sec- 
ond CLC combination 158 at an angle equal to its 
angle of incidence. Given the assembly as illus- 
trated, light beam 162b would be reflected by both 
phase mirror 152 and first CLC combination 148 
back to CRT 96'. 

LHCP light beam 160, composed of red and 
green LHCP light, is then incident upon a second 
variable wave plate 164, which is also in the ON 
state, and is transmitted unchanged along path D. 
The LHCP light beam 160 is incident upon a third 
CLC combination 166, composed of a red LHCLC, 
a green RHCLC and a blue RHCLC. The green 
portion 168g of the light beam 160 is transmitted 
through the third CLC combination 164 to observer 
114. The red portion 170r of the light beam 160, is 
reflected by the red LHCLC away from^ primary 
observer 114 to the alternate observer 114'. 

The initial incidence of red, green and blue 
light upon first CLC combination 148 also results in 
the transmission of red, green and blue LHCP light 
beam 172 along path E, through the first variable 
wave plate 156, where it is transmitted unchanged 
along path e'. LHCP light beam 172 is then in- 
cident upon the second CLC combination 158 
where the red and green portions of light beam 172 
are transmitted along path e" as light beam 174. 

Once again, the blue portion of light beam 172 
is reflected by the second CLC combination, this 
time as light beam 176b. Again the angle of reflec- 
tion is acutely drawn for ease of reference when in 
fact light beam 176b will also be reflected back to 
CRT 96' where it will be recombined with light 
beam 162. 

Light beam 174, composed of red and green 
LHCP, is incident upon the second variable wave 
plate 164 where it is transmitted unchanged along 
path F and is incident upon a second phase mirror 
1 76, where it is converted to RHCP light beam 1 78 
and is transmitted along path G. RHCP light beam 
178 is incident upon third CLC combination 166 
where the green portion 180g is reflected along 
path H and recombined with 168g to form green 
light beam 184g and transmitted to observer 114. 
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The red portion 182r of light beam 178 is transmit- 
ted through the third CLC combination 166, where 
it is recombined with light beam 170r to form red 
light beam 186r and transmitted along path 1 to 
s alternate observer 114. 

Thus, to the observer 114, the net transmission 
of green light is 100% and the net transmission of 
red light is zero, while the alternate observer 114' 
"sees" 100% of the red light and none of the green 

70 light. From an initial transmission of red, green and 
blue light we have "steered" blue light back to its 
source, green light to observer 114 and red light to 
observer 114, all with virtually no absorption loss. 
Again, an image composed of alternative 

75 wavelengths, and arriving from another source, 
could be transmitted through the last CLC com- 
bination 166 and be superimposed upon the trans- 
mitted images 184g or 186r. 

FIG. 12 is a table illustrating the various po- 

20 larization orientations of the light beams further 
determined by the configuration of the variable 
wave plate 158 as indicated in FIG 11. In this 
configuration green is selected for a zero-loss, net 
transmission of 100% of the initial incident beam to 

25 the observer 114. 

Alternative color selections can be accom- 
plished effected by varying the state of either or 
both of the variable wave plates 156 and 164, as 
illustrated in FIGS. 13 and 15. In FIG. 11, both 

30 wave plates 156 and 164 were in the ON state, 
resulting in transmission of green light I84g to 
observer 114 and red light 186r to observer 114'. 

In FIG. 13, the first wave plate 156 is in the ON 
state and the second wave plate 164 is in the OFF 

35 state. Thus, LHCP light beam 154 passes through 
the first wave plate 1 56 and is converted to RHCP 
light beam 188 and transmitted along path c'. 
RHCP light beam 188 is transmitted through the 
second CLC combination 158, where green RHCP 

40 light beam 190g is reflected and light beam 392, 
composed of red and blue RHCP light, is tranmsit- 
ted along path C . RNCP light beam 192 is trans- 
mitted through the second wave plate 164 and is 
transmitted unchanged along path D and is incident 

45 upon the third CLC combination 166. The red por- 
tion 194r of RHCP light beam 192 is transmitted 
along path H to observer 114 and the blue portion 
196b of RHCP light beam 192 is reflected along 
path I to observer 114'. 

50 The RHCP light beam 172 passes through the 

first wave plate 1 56 and is converted to LHCP light 
beam 198 and transmitted along path E'. RHCP 
light beam 198 is transmitted through the second 
CLC combination 158, where green RHCP light 

55 beam 200g is reflected and light beam 202, com- 
posed of red and blue RHCP light, is transmitted 
along path e". RHCP light beam 202 is transmitted 
unchanged through the second wave plate 1 64 and 
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is incident upon the second phase mirror 176, 
where it is converted to LHCP light beam 204 and 
reflected along path G and it is incident upon the 
third CLC combination 166. The red portion 206r of 
RHCP light beam 204 is reflected along path H 
where it is recombined with red light beam 194r to 
become 21 Or and transmitted to observer 114. The 
blue portion 208b of RHCP light beam 204 is 
transmitted along path I where it is recombined 
with blue light beam 196b to become blue light 
beam 212b and transmitted to observer 114'. Thus, 
we have steered nearly 100% of the red light to 
observer 114 and nearly 100% of the blue light to 
observer 114. Again the unwanted color, in this 
case green, has been nearly wholly reflected back 
to CRT 96. 

FIG. 14 is a table illustrating the various po- 
larization orientations of the light beams further 
determined by the configuration of the variable 
wave plate 158 as indicated in FIG 13. In this 
configuration red is selected for a zero-loss, net 
transmission of 100% of the initial incident beam to 
the observer 114. 

In yet another configuration, that of FIG. 15, we 
are able to select the blue color and send it to 
observer 114 and send red to observer 114 . This 
is accomplished by placing both the first wave 
plate 156 and the second wave plate 164 in the 
OFF state. In this configuration, LHCP light beam 
154 passes through the first wave plate 156 and is 
again converted to RHCP light beam 188 and 
transmitted along path c'. RHCP light beam 188 is 
transmitted through the second CLC combination 
158, where green RHCP light beam 190g is re- 
flected and light beam 192, composed of red and 
blue RHCP light, is tranmsitted along path c". 
RHCP light beam 192 is transmitted through the 
second wave plate 164 where this time it converted 
to LHCP light beam 214 and transmitted along path 
D. LHCP light beam 214 is incident upon the third 
CLC combination 166 where the blue portion 216b 
of LHCP light beam 214 is transmitted along path 
H to observer 114 and the red portion 21 8r of 
LHCP light beam 214 is reflected along path I to 
observer 114. 

The RHCP light beam 172 passes through the 
first wave plate 156 and is again converted to 
LHCP light beam 198 and transmitted along path 
E'. RHCP light beam 198 is again transmitted 
through the second CLC combination 158, where 
green RHCP light beam 200g is reflected and light 
beam 202, composed of red and blue RHCP light, 
is transmitted along path E". RHCP light beam 202 
is transmitted through the second wave plate 164 
where it is converted to LHCP light beam 220 and 
is incident upon the second phase mirror 176, 
where it is converted to RHCP light beam 222 and 
reflected along path G. RHCP light beam 222 is 



NSDOCID: <EP 041 5735A2_I_> 



incident upon the third CLC combination 166 where 
the blue portion 224b of RHCP light beam 222 is 
transmitted along path H where it is recombined 
with blue light beam 216b to become 228b and 

5 transmitted to observer 114. The red portion 226r 
of RHCP light beam 222 is transmitted along path I 
where it is recombined with blue light beam 21 8r to 
become red light beam 230r and transmitted to 
observer 114. In this configuration, we have 

10 steered nearly 100% of the blue light to observer 
114 and nearly 100% of the red light to observer 
114*. Again the unwanted color, green, has been 
nearly wholly reflected back to CRT 96'. 

FIG. 16 is a table illustrating the various po- 

75 larization orientations of the light beams further 
determined by the configuration of the variable 
wave plate 158 as indicated in FIG 15. In this 
configuration blue is selected for a zero-loss, net 
transmission of 100% of the initial incident beam to 

20 the observer 114. 

In yet another configuration of the three color 
selection assembly, red is again transmitted to the 
observer 114, with green being sent tothe alternate 
observer 114'. This is accomplished by placing the 

26 first wave plate 156 in the ON state and the second 
wave plate 164 in the OFF state, the converse of 
the configuration of FIG. 12. In this configuration, it 
is the blue light that is reflected by the second CLC 
combination 158, and the green light that is trans- 

30 mitted, ultimately, to the alternate observer 114'. 

In summation, the three color selection assem- 
bly of FIGS. 11. 13 and 15, provide for the choice 
of two colors from an initial incident beam com- 
posed of three colors. If both variable wave plates 

35 are in the ON state, then green light is transmitted 
to observer 114. If both variable wave plates are in 
the OFF state, then blue light is transmitted to 
observer 114. Finally, if the variable wave plates 
are in different states from each other, then red 

40 light is transmitted to observer 114. In the later 
instance, the selection of color sent to the alternate 
observer 114' is determined by which variable 
wave plate is in the ON state. 

By varying the "tuning" of the CLC combina- 

45 tions and by altering the states of the variable wave 
plates, various permutations and combinations of 
color selection can be accomplished, in addition to 
those discussed above, resulting in a virtual palette 
of colors available for display. The uses of the 

so foregoing assemblies are thus extendible to a 
multi-color operation that is suitable for use with 
any color light source. 

Moreover, while monomer cholesteric liquid 
crystals have been employed in these embodi- 

55 ments, it is believed that polymer cholesteric liquid 
crystals, which are much more insensitive to tem- 
perature variations, would be preferable in those 
applications where the temperature cannot be 
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closely controlled. The present embodiments of 
this invention are thus to be considered in all 
respects as illustrative and not restrictive; the 
scope of invention being indicated by the appen- 
ded claims rather than the foregoing description. 
All changes which come within the meaning and 
range of equivalency of the claims are intended to 
be embraced therein. 



Claims 

1. An apparatus for providing optical switching of a 
nonpolarized beam of light by an observer com- 
prising: 

(a) first beam separating means adapted to re- 
ceive the beam of light, for transmitting a first 
portion of said slight beam having a first po- 
larization orientation and for reflecting a second 
portion of said light beam having a second po- 
larization orientation; 

(b) first wave orientation reversal means in op- 
tical communication with said first beam sepa- 
rating means, for reversing the orientation of and 
reflecting said reflected second portion of said 
light beam; 

(c) variable wave retardation means, adapted for 
receiving and transmitting light from said first 
beam separating means and from said first wave 
orientation reversal means, for selectively retard- 
ing the polarization orientation of light transmit- 
ted therethrough; 

(d) second wave orientation reversal means in 
the path of said first light beam portion for 
reversing the orientation of light transmitted 
through said variable wave retardation means 
and for reflecting said first light beam portion; 

(e) second beam separating means adapted for 
receiving said first and second light beam por- 
tions from said second wave orientation reversal 
means and said variable wave retardation 
means, respectively, and further adapted for 
transmitting those light beam portions having 
said first orientation and for reflecting those light 
beam portions having said second orientation. 

2. The apparatus of claim 1, further including con- 
trolling means operatively coupled to said variable 
wave retardation means adapted for use by the 
observer to selectively retard the polarization ori- 
entation of light transmitted through said variable 
wave retardation means. 

3. The apparatus of claim 1, wherein said first and 
said second beam separating means are polarizing 
notch filters adapted for reflecting light of a chosen 
wavelength and orientation and for transmitting all 
other beams of light. 

4. The apparatus of claim 3, wherein said polarizing 
notch filters means are further adapted for selec- 



tively transmitting and reflecting light of at least 
one chosen wavelength and and at least one cho- 
sen orientation. 

5. The apparatus of claim 3, wherein said 
5 wavelengths are within the visible spectrum. 

6. The apparatus of claim 1, wherein the first and 
second beam separating means include cholesteric 
liquid crystals. 

7. The apparatus of claim 6, wherein said 
io cholesteric liquid crystals include monomer 

cholesteric liquid crystaJs. 

8. The apparatus of claim 6, wherein said 
cholesteric liquid crystals include polymer 
cholesteric liquid crystals. 

15 9. The apparatus of claim 1 , wherein said first and 
second wave phase reversal means include mir- 
rors. 

10. An apparatus for providing wavelength selection 
of a nonpolarized beam of light of more than one 

20 wavelength by an observer comprising: 

(a) first beam separating means adapted to re- 
ceive the beam of light, for transmitting a first 
light beam portion having a first polarization 
orientation and for reflecting a second light 

25 beam portion having a second polarization ori- 
entation; 

(b) first wave orientation reversal means in op- 
tical communication with said first beam sepa- 
rating means, for reversing the orientation of and 

30 reflecting said second light beam portion; 

(c) variable wave retardation means adapted for 
for receiving and transmitting said first and sec- 
ond light beam portions, and for selectively re- 
tarding the polarization orientation of said light 

35 beam portions transmitted therethrough; 

(d) second wave orientation reversal means in 
the path of said first light beam portion for 
reversing the orientation of said first light beam 
portion transmitted through said variable wave 

40 retardation means and for reflecting said first 
light beam portion; 

(e) second beam separating means adapted for 
receiving said first and second light beam por- 
tions and for transmitting those light beam por- 

45 tions having a selected wavelength and orienta- 
tion combination and for reflecting those non- 
selected wavelength and orientation combina- 
tions. 

11. The apparatus of claim 10, further including 
50 controlling means adapted for use by the observer 

to selectively retard the polarization orientation of 
light transmitted through said variable wave re- 
tardation means. 

12. The apparatus of claim 10, wherein said first 
55 and said second beam separating means include 

polarizing notch filters adapted for reflecting light 
beams of a chosen wavelength and orientation and 
for transmitting all other beams of light. 
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13. The apparatus of claim 12, wherein said first 
and second beam separating means are further 
adapted for selectively transmitting and reflecting 
light beams of at least one chosen wavelength and 

at least one chosen orientation. 5 

14. The apparatus of claim 10, further including a 
third beam separating means operatiylely connect- 
ed to said variable wave retardation means and 
adapted for reflecting light of a chosen wavelength 

and orientation and for transmitting all other beams w 
of light. 

15. The apparatus of claim 10, further including a 
second wave retardation means operatively con- 
nected to said first variable wave retardation means 

and adapted for selectively retarding the polariza- 75 
tion orientation of said portions of light transmitted 
therethrough. 

16. The apparatus of claim 10, wherein said 
wavelengths correspond to visible light. 

17. The apparatus of claim 10 wherein the first and 20 
second beam separating means include cholesteric 
liquid crystals. 

18. The apparatus of claim 16, wherein said 
cholesteric liquid crystals include monomer 
cholesteric liquid crystals. 25 

19. The apparatus of claim 16, wherein said 
cholesteric liquid crystals include polymer 
cholesteric liquid crystals. 

20. The apparatus of claim 10 wherein said first 

and second wave orientation reversal means in- 30 
elude mirrors. 

21. The apparatus of claim 10, wherein said first 
beam separating means is a combination of 
cholesteric liquid crystals adapted to selectively 
reflect and transmit wavelengths of light based 35 
upon their given orientations. 

22. The apparatus of claim 10, wherein said sec- 
ond beam separating means is a combination of 
cholesteric liquid crystals adapted to selectively 
reflect and transmit wavelengths of light based 40 
upon their given orientations. 

23. An apparatus for providing wavelength selection 
of a nonpolarized beam of light of more than one 
wavelength by an observer comprising: 

(a) first cholesteric liquid crystal combination 45 
adapted to receive the beam of light, for reflect- 
ing a first light beam portion of a chosen po- 
larization orientation and for transmitting a sec- 
ond light beam portion composed of all other 
polarization orientations; so 

(b) first mirror in optical communication with 
said first cholesteric liquid crystal combination, 
for reversing the orientation of and reflecting 
said second light beam portion; 

(c) first variable wave retardation means adapted 55 
for receiving said first and second light beam 
portions and for selectively retarding the po- 
larization orientation of said light beam portions 



transmitted therethrough; 

(d) second cholesteric liquid crystal combination 
in optical communication with said first variable 
wave retardation means and adapted for receiv- 
ing said first and said second light beam por- 
tions transmitted through said first variable wave 
retardation means, for reflecting portions of said 
first and second light beam portions of a chosen 
orientation and for tranmitting other selected 
portions of said first and second light beam 
portions composed of all other orientations; 

(e) second variable wave retardation means in 
optical communication with said second 
cholesteric liquid crystal combination adapted 
for receiving said selected portions of light 
transmitted through said second cholesteric liq- 
uid crystal combination, and for selectively re- 
tarding the polarization orientation of said se- 
lected portions of light; 

(f) controlling means adapted for use by the 
observer to selectively retard the polarization 
orientation of light transmitted through said first 
and said second variable wave retardation 
means; 

(g) second mirror in optical communication with 
said second variable wave retardation means 
adapted for reversing the orientation of said 
selected portion of said second light beam por- 
tion transmitted through said variable wave re- 
tardation means and for reflecting said selected 
portion of light; 

(h) third cholestereic liquid crystal combination 
adapted for receiving said selected portions of 
said first and said second light beam portions 
and for transmitting those selected portions of 
light having a selected wavelength and orienta- 
tion combination and for reflecting those non- 
selected wavelength and orientation combina- 
tions. 
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